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7KH VHSDUDWLRQ SXULILFDWLRQ DQG UHFRYHU\ RI DPLQR DFLGV SOD\V DQ LPSRUWDQW UROH LQ PDQ\
FKHPLFDO SKDUPDFHXWLFDO IRRG DQG FRVPHWLFV SURFHVVHV 1DQRILOWUDWLRQ 1) LV D SUHVVXUH
GULYHQPHPEUDQHSURFHVVZLWK LQWHUPHGLDWH FKDUDFWHULVWLFV WKDQ8)DQG52ZKLFKFRQIHUHHV
WKH 1) LWV XQLTXH SHUIRUPDQFH 1DQRILOWUDWLRQ PHPEUDQHV DUH XVXDOO\ HOHFWULFDOO\ FKDUJHG
EHFDXVHRI WKHLU WHUPLQDO IXQFWLRQDOJURXSVDQG WKLVHOHFWULFDOFKDUJHFDQGHSHQGRQ WKH IHHG
FRPSRVLWLRQ DQG S+ 1) PHPEUDQHV DUH XVXDOO\ QHJDWLYHO\ FKDUJHG LQ QHXWUDO RU DONDOLQH
FRQGLWLRQV DQG SRVLWLYHO\ FKDUJHG LQ KLJKO\ DFLGLF FRQGLWLRQV 7KHUHIRUH WKH PRUH DFFHSWHG




/DSRLQWH HW DO  %XW\OLQD HW DO  6KLP HW DO  )HZ VWXGLHV DQDO\]LQJ WKH
UHWHQWLRQRIDPLQRDFLGVDQGSHSWLGHVXVLQJPDWKHPDWLFDOPRGHOVKDYHEHHQSXEOLVKHG.RYDFV
HW DO  0RGHOV IDFLOLWDWH WKH XQGHUVWDQGLQJ RI WKH QDQRILOWUDWLRQ SURFHVV DQG WUDQVSRUW
PHFKDQLVPV

,Q WKLVZRUNZHVWXG\ WKH UHWHQWLRQRIJO\FLQH *DQG WULJO\FLQH *** LQ LQGLYLGXDOVROXWLRQV
DQGELQDU\PL[WXUHVZLWKDQDQRILOWUDWLRQPHPEUDQHDVDIXQFWLRQRIS+DQG1D&OFRQFHQWUDWLRQ




([SHULPHQWV ZHUH FRQGXFWHG E\ RUJDQLF IODW PHPEUDQHV PDGH E\ .RFK 6HO5203)
7KHLU QRPLQDO PROHFXODU ZHLJKW FXWRII 0:&2 ZDV  'D 7KH H[SHULPHQWDO GHYLFH
FRQVLVWHG RI D UHVHUYRLU WDQN D SXPS D FORVHGSLSH SUHVVXUH GDPSHQHU WR SUHYHQW SUHVVXUH
RVFLOODWLRQ SUHVVXUHJDXJHVD ILOWUDWLRQFHOO DQG IORZPHWHUV IRU UHWHQWDWH DQGSHUPHDWH7KH
UHWHQWDWHVWUHDPFLUFXODWHGWDQJHQWLDOO\ WR WKHPHPEUDQH7KHWHPSHUDWXUHZDVNHSWDW&
7KHVROXWHFRQFHQWUDWLRQLQWKHLQGLYLGXDOVROXWLRQVZHUHIL[HGWRP0DQGWKHELQDU\PL[WXUHV
ZHUH FRPSRVHG E\  DQG  P0 JO\FLQH DQG  DQG  P0 WULJO\FLQH OHDGLQJ WR WKUHH
FRQFHQWUDWLRQUDWLRVRI****7KHVROXWHFRQFHQWUDFLRQVLQWKHUHWHQWDWHDQGSHUPHDWHZHUH
GHWHUPLQHGE\ FDSLOODU\ HOHFWURSKRUHVLV '&(+HZOHWW3DFNDUG%HWZHHQ UXQVPHPEUDQHV
ZHUHFOHDQHGLQVLWXZLWKSXUHZDWHU+&ORU1D2+VROXWLRQDQGILQDOO\ZLWKSXUHZDWHU

1) H[SHULPHQWV ZLWK VLQJOH VROXWLRQV RI JO\FLQH * DQG WULJO\FLQH *** ZHUH FDUULHG RXW
LQGLYLGXDOO\ DQG LQ SUHVHQFH RI  0 1D&O DW GLIIHUHQW S+ 5HVXOWV REWDLQHG RI IOX[ YHUVXV
WUDQVPHPEUDQHSUHVVXUHDQGUHMHFWLRQYHUVXVIOX[ZHUHDGMXVWHGE\WKH6SLHJOHU.HGHP6.
PRGHO5HIOHFWLRQFRHIILFLHQWıDQGVROXWHSHUPHDELOLW\LQIXQFWLRQRIS+ZHUHREWDLQHG)LJXUH
 VKRZV WKH GHSHQGHQFH RI WKHPHPEUDQH SDUDPHWHUV XQGHU GLIIHUHQW S+ HQYLURQPHQWV IRU
JO\FLQH )LJXUH D DQG WULJO\FLQH )LJXUH E VROXWLRQV 7KH SUHVHQFH RI 1D&O UHGXFHV
VLJQLILFDQWO\WKHUHIOHFWLRQFRHIILFLHQWYDOXHFRQILUPLQJWKHLQIOXHQFHRIWKHLRQLFVWUHQJWKRQWKH
HOHFWURVWDWLFLQWHUDFWLRQVDPRQJWKHPHPEUDQHDQGWKHDPLQRDFLGVVWXGLHG
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7KH H[SHULPHQWDO UHVXOWV RI WKH ELQDU\ PL[WXUH KDYH EHHQ DGMXVWHG E\ WKH H[WHQGHG 1HUQVW
3ODQFN PRGHO 7KH DJUHHPHQW RI WKH VLPXODWLRQV WR WKH H[SHULPHQWDO UHVXOWV RI LQGLYLGXDO
VROXWLRQRIP0JO\FLQHDQG01D&O LVVKRZQLQ7DEOH ,7KHVHFDOFXODWLRQVZHUHGRQH








* DQG *** PL[WXUHV DW WKUHH GLIIHUHQW UDWLRV   DQG 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H[SHULPHQWDO UHVXOWV ZHUH DGMXVWHG E\ 6. PRGHO )LJXUH  VKRZV WKH UHIOHFWLRQ FRHIILFLHQW
YDULDWLRQ LQ IXQFWLRQRIS+ IRUDOOELQDU\PL[WXUHV%DVLFS+UHVXOWV LQDQ LQFUHDVLQJRIıZKHQ
UDWLR LV KLJKHU 7KH UHIOHFWLRQ FRHIILFLHQW RI *** VKRZV PRUH YDULDWLRQV WKDQ WKH UHIOHFWLRQ
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7KH UHWHQWLRQ RI JO\FLQH DQG WULJO\FLQH LV VLJQLILFDQWO\ GHSHQGHQW RQ WKH S+ DQG 1D&O
FRQFHQWUDWLRQ  0LQLPXP VROXWH UHWHQWLRQ LV REVHUYHG DW S+    ZKLFK FRUUHVSRQG WR WKH
LVRHOHFWULF SRLQW RI WKH PHPEUDQH DQG LW LV VLPLODU WR WKH VROXWH LVRHOHFWULF SRLQW 0RUHRYHU
UHWHQWLRQLVUHGXFHGE\WKHSUHVHQFHRI1D&ODWDOOS+7KLVIDFWFRXOGEHGXHWRWKHUHGXFWLRQRI
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